Vainshtein Screening



Galileon employs Vainshtein Screening and highly non-linear Lagrangian, but
equations of motion only have second order time derivatives
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whereCp andCG are the conformal and disformal couplings

we take A° = Hgmpl to be of cosmological interest

andc2 > 0 o avoid ghosts in Minkowski space
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For c3 non-zero the spherically symmetric solution is

Non-linearities dominate inside the VVainshtein radius to screen the pfth force
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Both conformal and disformal couplings to matter are severely constrained.

Co leads to large variations in particle masses when coupled to baryons

CG coupled to baryons is constrained by LHC and to photons by variation of the speed of
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giving the duality relation d; = ( obs ) (1+ Z)2dA
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Shape Dependence
Bloomfield, Burrage and ACD 1408.4759

Vainshtein screening usually considered for spherical objects, except one case where
planar symmetry was considered. We extend the analysis to cylindrical symmetry,
appropiate for many astrophysical bodies.

Consider the equations of motion for the Galileon under the assumption of
static conbgurations.

Assume matter conbgurations of energy density s.t.

TH = 1

We now analyse different cosmological shapes.



Planar Symmetry

The metric is
ds® = | dt® + dx* + dy* + dz°

Taking the Peld to depend on z we Pnd that only the quadratic and coupling
term survives, in agreement with Brax, Burrage and ACD, and
|

" " 7) = #2$
e @)= #
letting o(z) = po, x 20
L Bpo o
# <
we bnd gb _ 2Mp Z% & : “0
Mp 2 =7
to give e 2 i
9 — =20 The bfth force is unscreened!

Fa



Cylindrical Symmetry

Using the metric

ds® =1 dt® + dr® + r°df® + dz°
with ! = 1(r)," = "(r) the quadratic, cubic and coupling terms contributes
giving / 24’ b
B (r)= ¢"+ = + Q' P
taking P = Po, T < T0 the Vainshtein radius Is
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where | = "r §#o is the linear mass density



We then get
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Spherical Symmetry
Using the metric
ds® = —dt? 4+ dr? + r?d!? + r?sin” Id" ?
Only the quintic term doesnOt contribute, giving the equations of motion

6 ~ 2¢/ 2¢/2 4¢/¢// 6)\4¢/2¢//
M E O S Gt et s

taking P = pPo,” <70  we can bnd solutions without and with the quartic term

In the general case the Vainshtein radius is
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and the pbfth force is

P — 6! Zf
F I’\%



F, /F |unscreened

Galileon Cylindrical -
Galileon Spherical (Cubic)

Galileon Spherical (Quartic)
A ‘ ‘ ‘ DBI Cylindrical
o bt . . | DBI Spherical

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8



Chameleon Screening
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Figure 1. Radial screening for an oblate object

Dzgch

Dzgch Dzgch
for a prolate spheroid with e=0.5 fa for a prolate spheroid with e=0.7 for a prolate spheroid with e=0.9
Dz¢ Dz Dzg
s
-46.5 .
4 | |
4. h
-47.0 . 5|
2 { |
-47.5 - i .
ot 1 ol 1 0}
-48.0 .
: 2| [ |
-485 2| | . - : _
: “l
=d } ! I - -
-490 _ | -
= . — " i . | -6} |
-495 -4 2 0 2 4 Y 4 0 4 5 -8 4 0 4

Figure 2: Vertical screening for a prolate object
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